Abstract It is hypothesized that de Broglie's 'matter waves' provide a dynamical basis for Minkowski spacetime in an antisubstantivalist or relational account. The relativity of simultaneity is seen as an effect of the de Broglie oscillation together with a basic relativity postulate, while the dispersion relation from finite rest mass gives rise to the differentiation of spatial and temporal axes. Thus spacetime is seen as not fundamental, but rather as emergent from the quantum level. A result by Solov'ev which demonstrates that time is not an applicable concept at the quantum level is adduced in support of this claim. Finally, it is noted that de Broglie waves can be seen as the "bridge of becoming" discussed by Elitzur and Dolev (2005).
Introduction
This paper offers a proposal based on a relational or antisubstantivalist view of spacetime. 1 Its main aim is not primarily to defend the relational view, although I will briefly review that view and some basic arguments for its plausibility, to set the stage for the specific claim presented: the de Broglie "matter wave" is ontologically prior to spacetime, and the relationship between the former's phase and group velocities can be seen as the ontological basis of the structure of Minkowski spacetime.
The relational or antisubstantivalist interpretation of spacetime is concisely described by Weingard (1977):
More precisely, the view presented here is relationalism about ontology: i.e., that spacetime does not exist as a substance. See, e.g., Skow (2007) . For a comprehensive account of the relational view, see Sklar (1974 According to the relational theory…what we call "space" is simply the totality of actual (and perhaps possible) spatial relations between material objects and/or concrete material events. If there were no material objects and concrete material events, space would not exist, for the relata of the relations constitutive of space would not exist, just as a family tree cannot exist without there being people to bear the family relations to each other that are constitutive of the tree. (p. 167) In this view, the motion of an object is taken to be based on its relations with other observable objects or phenomena, and not on an absolute trajectory through an independently existing spacetime substance.
de Broglie's Proposal and Its Significance
The "matter waves" hypothesized by de Broglie (1923) have been well-confirmed in numerous experiments. By the term 'matter wave' we intend exactly what de Broglie intended: i.e., the assumption that ontologically real wavelengths are associated, not only with massless particles (photons) but also with particles of finite mass including atoms, molecules, and even Buckeyballs (see, e.g. interference experiments by Arndt and Zeilinger (2003) . For example, the Davisson and Germer experiment (1927) obtained a diffraction pattern when sending electrons through a double-slit apparatus. Such patterns only appear if an entity possessing wavelength is physically associated with the measured system(s). One can deduce the wavelength of the entity by examining the interference pattern produced in any given experiment. 2 It must be emphasized that, despite the connection of de Broglie's postulated 'matter wave' with the historical development of nonrelativistic quantum mechanics, it is fundamentally relativistic in nature. Its relativistic nature arises from the fact that it ascribes an intrinsic frequency to a material particle based on the latter's relativistic mass, as equivalent to its energy. 3 This provides a deep link between quantum mechanics and relativity which merits further exploration, and offers an opportunity to make progress in reconciling the two theories.
It must also be noted that the wavelike aspect appears in solutions to quantum mechanical wave equations whose home (in the case of the Schrödinger equation) is configuration space, not spacetime. That is, consider a system of N particles. Their associated de Broglie wave is defined with respect to a 3N-dimensional configuration space; an independent degree of freedom is assigned to the x, y, and z coordinates for each particle. So the 'matter waves' cannot be thought of as literally 'propagating in spacetime' which has only three (x, y, and z) spatial degrees of freedom. However, because specific wavelike phenomena attributable to these solutions do appear in spacetime (i.e., diffraction patterns), clearly there is some ontological relationship, or at least connection, between the 'matter waves' and spacetime. It is this relationship which is examined herein.
